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(54) ALKALINE BATTERY 



(57) The present invention provides an alkaline bat- 
tery suitable for use as a primary or secondary battery 
as a power source of electronic appliances. The battery 
is excellent in discharge characteristics under a heavy 
load and in cycle characteristics. 

The alkaline battery (1 00) comprises a cathode mix 
(3) containing (3-nickel oxy-hydroxide, an anode mix (5) 
containing zinc as a main component of anode active 
material, and an alkali solution as an electrolyte, where- 
in the cathode mix (3) includes a mixture of p-nickel oxy- 
hydroxide, graphite powder, and a potassium hydroxide 
solution in a given weight ratio. The p-nickel oxy-hydrox- 
ide is prepared by chemical oxidation and has an ap- 
proximately spherical shape of particle with a mean par- 
ticle size in the range of 5 to 50 um. 
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Description 
TECHNICAL FIELD 

5 [0001] The present invention relates to an alkaline battery using p-nickel oxy-hydroxide, or p-nickel oxy-hydroxide 
and manganese dioxide as active material for cathode. In particular, the present invention relates to an alkaline battery 
using p-nickel oxy-hydroxide having a mean particle size within a given range and obtained by a chemical oxidation 
method, or such the p-nickel oxy-hydroxide and manganese dioxide having a mean particle size within given range, 
as active material for the cathode, thereby enabling its discharge characteristics under a heavy load to be made ex- 

10 cellent to operate the battery for a long period of time wh ile the battery discharges large electricity. The present invention 
also relates to an alkaline battery in which a given quantity of a fluorinated resin is added as a binder into a cathode 
mix containing p-nickel oxy-hydroxide, thereby allowing its cycle characteristic to be made excellent. 

BACKGROUND ART 

15 

[0002] Small size portable electronic appliances, for example, portable game machines and digital cameras in par- 
ticular, have been remarkably spread in recent years. Since these appliances are supposed to be increasingly spread 
in near future, demands of batteries as power sources of these appliances are expected to be rapidly increased. While 
AA size cylindrical batteries have been mainly used for these appliances today, the power source should be excellent 
2" in discharge characteristics under a heavy load because each of the electronic appliances require a high operation 
voltage as well as a large electric current. 

[0003] The most prevailing battery among these batteries satisfying such requirements is an alkaline-manganese 
battery using manganese dioxide for a cathode and zinc for anode, and a high concentration alkaline solution for an 
electrolyte. Since both manganese dioxide and zinc in this battery are inexpensive, and the battery has a high energy 

25 density per unit weight, it is widely used for the power source of small size portable electronic appliances. 

[0004] For further improving the discharge characteristics of the alkaline manganese battery under a heavy load in 
view of the use thereof in these small size electronic appliances, various improvements have been attempted with 
respect to the materials of the battery and constructions of the battery. However, since discharge of manganese dioxide 
as the cathode active material depends on a uniform solid phase reaction in this battery system, the voltage is gradually 

30 decreased by discharge to give a discharge curve that descends with time. 

[0005] A small portion of the requirements of the small size portable electronic appliances that require high voltage 
and large current may be satisfied by the discharge characteristics of the alkaline manganese battery as described 
above, and the time available for the use of the appliances is still short today even after applying various improvements. 
In addition, since the small size portable electronic appliances are often operated under a relatively high voltage and 

35 large current at the initial stage of debut in the market, a battery that is able to cope with such novel appliances and is 
excellent in heavy load characteristics becomes essential. 

[0006] A nickel-zinc battery has been proposed as a battery satisfying such requirements. This battery uses nickel 
oxy-hydroxide for a cathode and zinc for an anode, and has a higher operation voltage than the alkaline manganese 
battery in addition to excellent heavy load characteristics. On the contrary, nickel oxy-hydroxide as a cathode active 

40 material is liable to generate oxygen while the amount of self-discharge is large. 

[0007] For solving the problems, Japanese Patent Application Laid-Open Publication No. Hei10-214621 has dis- 
closed, for example, an inside-out structure battery using y-nickel oxy-hydroxide (y-NiOOH) that exhibits a less amount 
of self-discharge for the cathode active material. Alternatively, an inside-out structure battery using p-nickel oxy-hy- 
droxide (p-NiOOH) having a relatively high density for the cathode active material has been also disclosed. 

45 [0008] However, although the storage battery composed of y-nickel oxy-hydroxide exhibits less degree of self-dis- 
charge and a higher operation potential than the alkaline manganese battery due to its relatively low density of y-nickel 
oxy-hydroxide, it is a problem that the discharge capacity of the battery is substantially small. 
[0009] While the discharge capacity of the battery composed of p-nickel oxy-hydroxide has been improved since p- 
nickel oxy-hydroxide has a higher density than y-nickel oxy-hydroxide, discharge characteristics under a heavy load 

so are left behind yet as a problem to be improved. 

[0010] Although the inside-out type alkaline battery (for example nickel-zinc battery) has a large discharge capacity, 
cycle characteristics of the battery is poor since the discharge capacity is largely decreased by repeating charge- 
discharge cycles, which is a problem. 

[0011] It is one of the causes of the problem that a cathode active material having a hollow cylindrical shape is 
55 swelled by discharge, and the shape does not restore its original shape even by charging. Nickel hydroxide as a product 
of discharge has a lower density than that of nickel oxy-hydroxide, and has little conductivity. Accordingly, a carbon 
material having a binding action is added for inproving conductivity of the cathode mix. However, while the carbon 
conductive material is responsible for binding the cathode mix, its action is so weak that an appropriate binder of the 
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cathode mix is also required. 

DISCLOSURE OF THE INVENTION 

5 [0012] The object of the present invention is to provide an alkaline battery having discharge characteristics under a 
heavy load, which enable the battery to be operated for a long period of time even by discharging a large electricity, 
and having excellent cycle characteristics. 

[0013] An alkaline battery relating to the present invention comprises a cathode mix containing p-nickel oxy-hydroxide 
as a cathode active material, an anode mix containing zinc as a main component of an anode active material, and an 
10 alkaline solution as an electrolyte, wherein p-nickel oxy-hydroxide is obtained by chemical oxidation of nickel hydroxide, 
and wherein the p-nickel oxy-hydroxide has a mean particle size in the range of 5 to 50 u,m. 

[0014] Preferably, the particle of p-nickel oxy-hydroxide is approximately spherical. The term "approximately spher- 
ical" is a concept including spherical and approximately spherical. The meaning is the same hereinafter. 
[0015] p-nickel oxy-hydroxide prepared by chemical oxidation is used as a cathode active material in the present 

'5 invention. The mean particle size of the p-nickel oxy-hydroxide is preferably in the range of 5 to 50 u.m. A large quantity 
of the active material can be hardly packed in one battery due to a strong repulsive force among the particles in com- 
pression molding of the cathode, when the mean particle size of the p-nickel oxy-hydroxide is smaller than 5 urn, to 
result in a decrease of discharge characteristics under a heavy load, On the other hand, its discharge capacity de- 
creases when the mean particle size of p-nickel oxy-hydroxide is larger than 50 urn also to result in a decrease of 

20 discharge characteristics under a heavy load. Accordingly, the alkaline battery excellent in the discharge characteristics 
under a heavy load may be obtained by restricting the mean particle size of p-nickel oxy-hydroxide in the range of 5 
to 50 urn. Note that the p-nickel oxy-hydroxide can be packed in a higher density by forming the p-nickel oxy-hydroxide 
particles into spherical particles to enable a larger discharge capacity (battery capacity) to be obtained. 
[0016] In another aspect, an alkaline battery relating to the present invention comprises a cathode mix containing 

25 p-nickel oxy-hydroxide and manganese dioxide as cathode active materials, an anode mix mainly comprising zinc as 
an anode active material, and an alkaline solution as an electrolyte wherein the p-nickel oxy-hydroxide is obtained by 
chemical oxidation of nickel hydroxide and wherein the p-nickel oxy-hydroxide has a mean particle size in the range 
of 5 to 50 u.m, and wherein the manganese dioxide has a mean particle size in the range of 1 0 to 70 u,m. The particles 
of P-nickel oxy-hydroxide are approximately spherical. 

30 [0017] A cathode active material prepared by mixing p-nickel oxy-hydroxide produced by chemical oxidation and 
manganese dioxide is used in the present invention. The mean particle size of the p-nickel oxy-hydroxide is in the 
range of 5 to 50 urn, while the mean particle size of the manganese dioxide is in the range of 1 0 to 70u.m. 
[0018] Since the repulsive force among the particles is strong in compression molding of the cathode when the 
particle size distribution of the cathode active material falls in a small particle size range (the mean particle size of the 

35 p-nickel oxy-hydroxide is smaller than 5 urn, and the mean particle size of the manganese dioxide is smaller than 1 0 
Urn), it is difficult to pack the active material in one battery in a large quantity to decrease the discharge characteristics 
under a heavy load. On the other hand, the discharge capacity is decreased when the particle size is distributed in a 
larger range (the mean particle size of the p-nickel oxy-hydroxide is larger than 50 u.m, and the mean particle size of 
the manganese dioxide is largerthan 70 urn), and the discharge characteristics under a heavy load are also decreased. 

40 [0019] Accordingly, an alkaline battery excellent in the discharge characteristics under a heavy load can be obtained 
by controlling the mean particle size of p-nickel oxy-hydroxide in the range of 5 to 50 urn, and the mean particle size 
of manganese dioxide in the range of 10 to 70 urn. The packing capacity of the cathode can be increased without 
reducing the reaction area between the cathode and anode using a mixture of the p-nickel oxy-hydroxide and the 
manganese dioxide, and the discharge capacity is increased. Forming the p-nickel oxy-hydroxide into a spherical shape 

« allows the p-nickel oxy-hydroxide to be packed in a high density, thereby enabling a larger discharge capacity (cell 
capacity) thereof to be obtained. Using the manganese dioxide causes reduction of the production cost. 
[0020] In a different aspect, an inside-out type alkaline battery relating to the present invention comprises a cathode 
mix containing p-nickel oxy-hydroxide and a conductive material as a cathode active material, an anode mix containing 
zinc as a main component of an anode active material, an alkaline solution as an electrolyte, and a separator disposed 

so between a cathode comprising the cathode mix and an anode comprising the anode mix, wherein the p-nickel oxy- 
hydroxide is obtained by chemical oxidation of nickel hydroxide, and wherein the cathode mix includes a fluorinated 
resin as a binder. 

[0021] According to the invention, the p-nickel oxy-hydroxide is used as the cathode active material. While a fluori- 
nated resin such as polytetrafluoroethylene(PTFE),tetrafluoroethylene-hexafluoropropylene copolymer (FEP) orpoly- 
55 chlorotrifluoroethylene (PCTFE) is added as a binder in the cathode mix containing the cathode active material, the 
amount of addition of the fluorinated resin is 0. 1 to 1 .0% by weight. Conductivity is reduced due to large charge transfer 
resistance in the cathode when the amount of addition is largerthan 1 .0% by weight, since the surface of the cathode 
active material is excessively covered with the binder. When the amount of addition of the binder is less than 1% by 
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weight, on the other hand, the cycle characteristics are deteriorated since the effect of the binder becomes small. 
Accordingly, swelling of the cathode active material by discharge is suppressed by adding the fluorinated resin in an 
amount of 0.1 to 1 .0% by weight to enable the alkaline battery to exhibit excellent cycle characteristics. 
[0022] Preferably, a porous metal cylinder is provided between the cathode and the separator. The porous metal 

5 cylinder has a thickness of, for example, 50 to 200 urn. The porous metal cylinder is formed of any one of a hollow 
stainless steel cylinder, as well as a punching metal, a metal net, and an expand metal that are made of nickel, copper 
or tin. Such configuration permits an alkaline battery having improved cycle characteristics to be obtained, since water 
formed at the cathode by charging is pushed out to the anode to suppress swelling of the cathode by this water, and 
water formed at the cathode by charging is efficiently transferred to the anode to suppress deterioration of the capacity 

10 by charge-discharge cycles. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0023] 

Fig. 1 is a diagram for showing a configuration of an alkaline battery in the first embodiment; 

Fig. 2 is a diagram for showing the relationship between the mean particle size of p-nickel oxy-hydroxide and 

discharge time; 

Fig. 3 is a diagram for comparing the discharge time depending on the kinds of nickel oxy-hydroxide; 
20 Fig. 4 is a diagram for showing the relationship between the mean particle size of manganese dioxide and discharge 

time; 

Fig. 5 is a diagram for showing the relationship between the cumulative pore volume of p-NiOOH, and the charging 
time and self-discharge ratio; 

Fig. 6 is a diagram forshowing the relationship between the cumulative pore volume of p-NiOOH, and the charging 
25 time and self-discharge ratio when the proportion of blending of p-NiOOH in the cathode active material is 50% 

by mass; 

Fig. 7 is a diagram for showing the relationship between the cumulative pore volume of p-NiOOH, and the charging 
time and self-discharge ratio when the proportion of blending of p-NiOOH in the cathode active material is 30% 
by mass; 

30 Fig. 8 is a diagram forshowing the relationship between the cumulative pore volume of p-NiOOH, and the charging 

time and self-discharge ratio when the proportion of blending of p-NiOOH in the cathode active material is 10% 
by mass; 

Fig. 9 is a diagram for showing the relationship between the sulfuric acid radical content in p-nickel oxy-hydroxide, 
and the discharge time and self-discharge ratio under heavy load discharge; 
35 Fig. 1 0 is a diagram for showing the relationship between the sulfuric acid radical content in p-nickel oxy-hydroxide, 

and the discharge time and self-discharge ratio under light load discharge; 

Fig. 1 1 is a diagram for showing the relationship between the sulfuric acid radical content in p-nickel oxy-hydroxide, 
and the discharge time and self -discharge ratio under heavy load discharge when the blend ratio of p-nickel oxy- 
hydroxide is 50%; 

40 Fig. 1 2 is a diagram for showing the relationship between the sulfuric acid radical content in p-nickel oxy-hydroxide, 

and the discharge time and self-discharge ratio under light load discharge when the blend ratio of p-nickel oxy- 
hydroxide is 50%; 

Fig. 13 is a diagram for showing the relationship between the amount of addition of PTFE, and the discharge 
capacity and charge transfer resistance; 
45 Fig. 1 4 is a diagram for showing the relationship between the amount of addition of FEP, and the discharge capacity 

and charge transfer resistance; 

Fig. 15 is a diagram for showing the relationship between the amount of addition of PCTFE, and the discharge 
capacity and charge transfer resistance; 

Fig. 1 6 is a diagram for showing a configuration of an alkaline battery in the fifth embodiment; 
50 Fig. 17 is a diagram for showing the relationship between thickness of the porous metal cylinder and capacity 

retention ratio; and 

Fig. 1 8 is a diagram for showing the relationship between kinds of the metal and capacity retention ratio. 
BEST MODE FOR CARRYING OUT THE INVENTION 

55 

[0024] A first embodiment of the present invention will be described hereinafter. Fig. 1 shows a configuration of the 
alkaline battery 100 in the first embodiment. Approximately spherical p-nickel oxy-hydroxide particles prepared by 
chemical oxidation are used for a cathode active material in the alkaline battery 1 00. 
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[0025] The alkaline battery 1 00 comprises a battery can 2, a cathode mix 3, a separator 4, an anode mix 5, a current 
collector pin 6, a gasket 7, a neutral cover 8 and a negative terminal 9. 

[0026] The battery can 2 is formed, for example, by presswork of a metal plate subjected to nickel plating. The battery 
can 2 also serves as a positive terminal of the alkaline battery 100. 

5 [0027] The cathode mix 3 is formed into a hollow cylinder, and is placed within the battery can 2. For producing the 
cathode mix 3, p-nickel oxy-hydroxide as a cathode active material, a carbon powder as a conductive material, and 
an alkaline solution as an electrolyte are mixed together, and the mixture is molded into the hollow cylinder. A graphite 
powder is used for the carbon powder used as the conductive material. While potassium hydroxide solution is used 
for the alkaline solution, lithium hydroxide solution or sodium hydroxide solution, or a mixture of them may be used. 

10 [0028] The cathode mix 3 is prepared as follows. First, p-nickel oxy-hydroxide, the graphite powder, and a 40% KOH 
solution are weighed in a proportion of 10:1:1, and they are mixed under a stirring method such as the one using an 
impeller or a ball mill. Then, the mixed material is then press-molded into a hollow cylinder, thereby obtaining the 
cathode mix 3. 

[0029] The separator 4 has a bottom-sealed cylinder shape, and is disposed at the inside of the cathode mix 3. For 
15 example, as the separator 4, a synthetic fiber nonwoven fabric having good liquid absorbing and retaining property 
and being excellent in alkali resistance is used. 

[0030] The anode mix 5 is a gel, and is filled in the separator 4. The anode mix 5 is prepared by uniformly dispersing 
and mixing particles of zinc and zinc oxide as anode active materials in the potassium hydroxide solution as the elec- 
trolyte using a gelling agent. 

20 [0031] An opening of the battery can 2 is hermetically sealed with the gasket 7 as an insulator, the neutral cover 8, 
and the negative terminal 9. The current collector pin 6 made of a metal is welded to the negative terminal 9. 
[0032] The alkaline battery 1 00 shown in Fig. 1 is produced as follows. The cathode mix 3 formed into a cylinder by 
compression molding is inserted into the battery can 2. Then , the separator 4 of the bottom-sealed cylinder is inserted 
at the center of the cathode mix 3, and a gel of the anode mix 5 is filled into the separator 4. Finally, the insulator gasket 

25 7, the neutral cover 8, and the negative terminal 9 are inserted into the battery can 2, and an edge of the opening of 
the battery can 2 is folded to the inside to fix the gasket 7. The current collector pin 6 welded to the negative terminal 
9 is inserted into the gel of the anode mix 5 when the gasket 7 and the like are inserted into the battery can 2. 
[0033] Current collection of the anode in the alkaline battery 1 00 shown in Fig. 1 is ensured by inserting the current 
collector pin 6 welded to the negative terminal 9 into the anode mix 5. Current collection of the cathode is also ensured 

30 by connecting the cathode mix 3 to the battery can 2. The outer circumference surface of the battery can 2 is covered 
with an external label 10, and the positive terminal 11 is located at the projection (the top of the alkaline battery 100 in 
the drawing) at the bottom of the battery can 2. 

[0034] p-nickel oxy-hydroxide as the cathode active material in this embodiment will be further described hereinafter. 
[0035] The p-nickel oxy-hydroxide is produced by chemical oxidation of nickel hydroxide. For example, it is produced 
35 by oxidizing nickel hydroxide in a liquid phase containing an appropriate oxidizing agent such as sodium hypochlorite 
and an appropriate alkali species such as lithium hydroxide, sodium hydroxide and potassium hydroxide. The oxidation 
reaction is as follows: 

40 2Ni(OH) 2 + CIO' -> 2NiCOH + CI" + H 2 0 

[0036] By forming the p-nickel oxy-hydroxide by chemical oxidation as described above, impurity ions such as N0 3 " 
and C0 3 2 - flow out into the liquid phase and are eliminated from the crystal to a certain extent during the reaction 
process. Consequently, p-nickel oxy-hydroxide exhibiting small amount of self-discharge, particularly p-nickel oxy- 
45 hydroxide more suitable for the active material of a primary battery, may be obtained. Self-discharge of the p-nickel 
oxy-hydroxide is considered to occur by decomposition of the impurity ions such as N0 3 " and C0 3 2 " contained in the 
crystal within the battery. 

[0037] The crystal structure of nickel oxy-hydroxide formed is different depending on the pH in the liquid phase. High- 
density p-nickel oxy-hydroxide (theoretical density: 4.68 g/cm 3 ) is formed at a pH lower than a given value, while low- 
so density y-nickel oxy-hydroxide (theoretical density: 3.79 g/cm 3 ) is formed at a pH higher than the given value above. 
[0038] High-density nickel hydroxide having an approximately spherical shape of particle is used as nickel hydroxide 
as a starting material. As a result thereof, p-nickel oxy-hydroxide as the cathode active material in this embodiment 
has an approximately spherical shape of particle. 

[0039] While usual nickel hydroxide is not spherical with a tap density of 1 .4 to 1 .8 g/cm 3 and bulk density of 1 .0 to 
55 1 .4 g/cm 3 , so-called high-density nickel hydroxide has approximately spherical particle with a tap density of 2.0 to 2.5 
g/cm 3 and bulk density of 1.4 to 1.8 g/cm 3 that are higher than usual nickel hydroxide. 

[0040] The tap density and the bulk density (also referred to as "powder density") are measured as follows. The 
powder to be measured is filled by spontaneous falling in a specified vessel, the tap density and bulk density are 
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calculated by the following equations 

bulk density = A/B (g/cm 3 ) 

5 

tap density = A/C (g/cm 3 ) 

wherein the initial mass is represented by A (g), the initial volume is represented by B (cm 3 ), and the volume after 
10 raising the vessel and lightly tapping the bottle thereof onto a desk or the like at 200 times is represented by C (cm 3 ). 
[0041] The tap density and bulk density of the p-nickel oxy-hydroxide as the cathode active material in this embod- 
iment desirably falls within the following ranges. Namely, the tap density of the p-nickel oxy-hydroxide desirably falls 
within the ranges of 2.2 to 2.7 g/cm 3 . The bulk density of the p-nickel oxy-hydroxide desirably falls within the ranges 
of 1 .6 to 2.2 g/cm 3 . This is because it is difficult to increase the discharge capacity when the tap density and the bulk 
15 density are smaller than the lower limits of the ranges described above. This is also because it is difficult to produce 
the p-nickel oxy-hydroxide having the tap density and the bulk density larger than the upper limits of the ranges de- 
scribed above. 

[0042] A discharge time of the alkaline battery 1 00 after production shown in Fig. 1 was measured with a constant 
discharge power of 1 .5 W under an atmosphere at 20°C as a discharge condition until the final discharge voltage 
20 reaches 1 .0 V. 

[0043] Alkaline batteries in Examples 1 to 22 in the first embodiment, and alkaline batteries in Comparative Examples 
1 to 4 were measured therein. 

[0044] p-nickel oxy-hydroxide used in the cathode mix 3 in each of the Examples 1 to 22 is produced by chemical 
oxidation, and the mean particle size of the approximately spherical particles was changed in the range of 1 to 70 urn 
25 so that the batteries were produced according to the manufacturing procedure of the alkaline battery described above. 
The p-nickel oxy-hydroxide having a particle size distribution range of ±20 u.m as a center of a mean particle size value 
was used in this embodiment. 

[0045] The batteries in Comparative Examples 1 to 4 were produced by the same method as in Examples 1 to 22, 
except that -/-nickel oxy-hydroxide produced by chemical oxidation was used for the cathode mix 3, and the mean 
30 particle size was changed In the range of 5 to 50 |xm. 

[0046] The results of the measurements in Examples 1 to 22 and Comparative Examples 1 to 4 measured under the 
conditions above are shown in Table 1 . 
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Table 1 
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45 [0047] The correlation curves between the mean particle size of (3-nickel oxy-hydroxide produced by chemical oxi- 
dation and the discharge time as shown in Fig. 2 is obtained from the results of the measurements in Table 1. Fig. 2 
shows that the mean particle size of the p-nickel oxy-hydroxide that enables the discharge time of the battery to be 
prolonged is in the range A in the diagram, or in the range of 5 to 50 jim. Accordingly, a large quantity of the active 
material can be hardly packed in one battery due to a stro ng repulsive force among the particles in compression molding 

so of the cathode, when the mean particle size of the p-nickel oxy-hydroxide exceeds 50 urn, to result in a shortness of 
discharge time and a deterioration of the discharge characteristics under a heavy load. The discharge characteristics 
under a heavy load are also deteriorated with a small discharge capacity when the mean particle size thereof is less 
than 5 urn. 

[0048] Comparative results of the discharge times of the batteries produced using different kinds of nickel oxy-hy- 
5 5 droxide are shown in Fig. 3 based on the results of the measurements in Table 1 . 

[0049] Fig. 3 shows a comparison between the discharge times immediately after the production thereof when p- 
nickel oxy-hydroxide and y-nickel oxy-hydroxide are used as the cathode active materials. As shown in Fig. 3, the 
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discharge time of the battery comprising 7-nickel oxy-hydroxide produced by chemical oxidation is shorter than the 
dischargetimeofthe battery comprising (J-nickel oxy-hydroxide. This may be comprehended that the discharge capacity 
of the battery is decreased due to a small packing capacity of the y-nickel oxy-hydroxide in a given volume of the 
cathode of the battery since the density of 7-nickel oxy-hydroxide is low. 

[0050] Accordingly, an alkaline battery having excellent discharge characteristics under a heavy load can be obtained 
by using p-nickel oxy-hydroxide that is produced as the cathode active material by chemical oxidation and has a mean 
particle size in the range of 5 to 50 urn. The density of p-nickel oxy-hydroxide is more increased by forming p-nickel 
oxy-hydroxide particles into an approximately spherical shape to enable a larger discharge capacity (battery capacity) 
to be obtained. 

[0051] While the discharge capacity is decreased when the p-nickel oxy-hydroxide particles are not spherical, this 
may be conjectured to be the effect of the specific particle size distribution as described above. 
[0052] Subsequently, the alkaline batteries in Examples 23 to 122 in the first embodiment were investigated. 
[0053] The cathode mix 3 in each of the alkaline batteries in Examples 23 to 1 22 is prepared by mixing approximately 
spherical p-nickel oxy-hydroxide prepared by chemical oxidation and manganese dioxide as cathode active materials, 
a carbon powder as a conductive material, and an alkaline solution as an electrolyte, followed by molding the mixture 
into a hollow cylinder. The other configuration and manufacturing method are the same as the alkaline battery 100 
shown in Fig. 1. 

[0054] The characteristics of the alkaline batteries in Examples 23 to 1 22 were evaluated under the test conditions 
as described above. 

[0055] p-nickel oxy-hydroxide used in the cathode mix 3 in each of the Examples 23 to 62 was produced by chemical 
oxidation with its particles having an approximately spherical shape, and the mean particle size thereof being changed 
in the range of C to 50 u.m. Further, the manganese dioxide was used with its articles having a mean particle size in 
the range of 8 to 80 u.m. The blend ratio of p-nickel oxy-hydroxide and manganese dioxide was 30% by mass relative 
to the total amount of the cathode active material. The other specifications were the same as those in Examples 1 to 
22, and the batteries were produced by the same procedure as described above. 

[0056] The results of the measurements in Examples 23 to 62 obtained under the test conditions above are shown 
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Table 2 







Blend ratio of 
|}-NiOOH (% by 
mass) 


Mean particle size 
(^.m) of Mn02 


Mean particle size (urn) 
of p-NiOOH 


Discharge time 
preparation* (min) 


5 


Example 23 


30% 


8 


5 


18 




Example 24 






20 


20 




Example 25 






35 


21 


10 


Example 26 






50 


22 


Example 27 




9 


5 


32 




Example 28 






20 


33 




Example 29 






35 


34 




Example 30 






50 


34 




Example 31 




10 


5 


45 




Example 32 






20 


46 




Example 33 






35 


47 


20 


Example 34 






50 


47 




Example 35 




20 


5 


47 




Example 36 






20 


47 




Example 37 






35 


48 


25 


Example 38 






50 


48 




Example 39 




40 


5 


48 




Example 40 






20 


48 




Example 41 






35 


48 


30 


Example 42 






50 


48 




Example 43 




60 


5 


48 




Example 44 






20 


48 


35 


Example 45 






35 


48 


Example 46 






50 


48 




Example 47 




70 


5 


46 




Example 48 






20 


47 


40 


Example 49 






35 


47 




Example 50 






50 


47 




Example 51 




72 


5 


33 




Example 52 






20 


35 




Example 53 






35 


35 




Example 54 






50 


34 




Example 55 




75 


5 


19 




Example 56 






20 


20 


50 


Example 57 






35 


21 




Example 58 






50 


20 




Example 59 




80 


5 


15 




Example 60 






20 


16 


55 


Example 61 






35 


16 




Example 62 






50 


16 






ilion: temperature at 20°C, con 


»tant discharge power of 1 .5 W. 


nd discharge termination voltage 


at 1.0 V 
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[0057] In Examples 63 to 92, the batteries were manufactured by the same specification and manufacturing proce- 
dure as in Examples 23 to 62 except that the proportion of p-nickel oxy-hydroxide in the total amount of the cathode 
active material is controlled to be 50% by mass. 

[0058] The results of the measurements measured underthe test conditions above in Examples 63 to 92 are shown 
5 in Table 3. 



Table 3 



10 




Blend ratio of 
P-NiOOH (% by 
mass) 


Mean particle size 
(p.m) of Mn0 2 


Mean particle size (,um) 
of p-NiOOH 


Discharge time 
immediately after 
preparation* (min) 




Example 63 


50% 


8 


5 


26 




Example 64 






25 


26 


15 


Example 65 






50 


27 




Example 66 




9 


5 


38 




Example 67 






25 


38 




Example 68 






50 


39 




Example 69 




10 


5 


50 




Example 70 






25 


51 




Example 71 






50 


51 


25 


Example 72 




20 


5 


52 




Example 73 






25 


52 




Example 74 






50 


52 




Example 75 




40 


5 


52 




Example 76 






25 


52 




Example 77 






50 


52 




Example 78 




60 


5 


52 


35 


Example 79 






25 


52 




Example 80 






50 


53 




Example 81 




70 


5 


53 




Example 82 






25 


53 


40 


Example 83 






50 


53 




Example 84 




72 


5 


36 




Example 85 






25 


36 




Example 86 






50 


37 




Example 87 




75 


5 


27 




Example 88 






25 


27 


50 


Example B9 






50 


26 


Example 90 




80 


5 


18 




Example 91 






25 


18 




Example 92 






50 


17 


55 


• Discharge con 


iiion: temperature at 20°C, con 


tant discharge power ol 1.5 W, and discharge termination voltage 


at 1.0 V 



[0059] In Examples 93 to 1 22, the batteries were manufactured by the same specification and manufacturing pro- 
cedure as in Examples 23 to 62 except that the proportion of p-nickel oxy-hydroxide in the total amount of the cathode 
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active material is controlled to be 10% by mass. 

[0060] The results of the measurements measured underthe test conditions above in Examples 93 to 1 22 are shown 
in Table 4. 



5 Table 4 







Blend ratio of 
P-NiOOH (% by 
mass) 


Mean particle size 
(urn) of Mn0 2 


Mean particle size 
(jirn) of p-NiOOH 


Discharge time 
immediately after 
preparation* (min) 


10 


Example 93 


10% 


8 


5 


11 




Example 94 






25 


11 




Example 95 






50 


11 




Example 96 




9 


5 


15 


15 


Example 97 






25 


16 




Example 98 






50 


16 




Example 99 




10 


5 


27 




Example 100 






25 


28 




Example 1 01 






50 


28 




Example 102 




20 


5 


29 


25 


Example 103 






25 


29 


Example 1 04 






50 


29 




Example 1 05 




40 


5 


30 




Example 1 06 






25 


30 




Example 107 






50 


30 




Example 1 08 




60 


5 


30 




Example 109 






25 


30 




Example 110 






50 


30 


35 


Example 111 




70 


5 


31 




Example 112 






25 


31 




Example 113 






50 


31 


40 


Example 114 




72 


5 


18 










25 






Example 116 






50 


17 


45 


Example 117 




75 


5 


14 


Example 118 






25 


14 




Example 119 






50 


13 




Example 120 




80 


5 


12 


50 


Example 121 






25 


12 




Example 122 






50 


12 




• Discharge condil 


on: temperature at 20°C, consti. 


nt discharge power of 1.5 W, and discharge termination voltage 


at 1.0 V 



55 [0061] Correlation curves between the mean particle size of manganese dioxide and the discharge time, as shown 
in Fig. 4, are obtained on the basis of the results of the measurements in Tables 2 to 4. The blend proportions of p- 
nickel oxy-hydrcxide in the cathode active material were 50, 30 and 10% by mass, respectively and the mean particle 
size thereof was 50 urn Fig. 5 shows that the mean particle size of manganese dioxide that prolongs the discharge 
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time is in the range B in the diagram, or in the range of 10 to 70u.m. Thus, a large quantity of the active material can 
be hardly packed in one battery due to a strong repulsive force among the particles in compression molding of the 
cathode, when the mean particle size of the manganese dioxide exceeds 70 urn, to result in a shortness of discharge 
time and a deterioration of the discharge characteristics under a heavy load. The discharge characteristics under a 
5 heavy load are also deteriorated with a small discharge capacity when the mean particle size thereof is less than 1 0 urn 
[0062] While the results when the mean particle size of the p-nickel oxy-hydroxide is 50 u.m are shown in Fig. 4, the 
same results are obtained in other examples in which the mean particle size of the p-nickel oxy-hydroxide is in the 
range of 5 to 50 urn. 

[0063] It was confirmed from Fig. 4 that the discharge time is longer when the blend ratio of p-nickel oxy-hydroxide 
10 is 50% by mass than when the blend ratio of p-nickel oxy-hydroxide is 30% and 1 0% by mass. 

[0064] An alkaline battery using a mixture of p-nickel oxy-hydroxide prepared by chemical oxidation and manganese 
dioxide as the cathode active materials, by adjusting the mean particle size of the p-nickel oxy-hydroxide particles in 
the range of 5 to 50 u.m, and by adjusting the mean particle size of the manganese dioxide particles in the range of 1 0 
to 70 urn allows its discharge characteristics under a heavy load to be excellent. It is also possible to increase the 
15 packing capacity of the cathode without decreasing any reaction areas of the cathode/anode by using a mixture of p- 
nickel oxy-hydroxide and manganese dioxide as the cathode active material. Reduction of the production cost of the 
battery is also possible by using inexpensive manganese dioxide. Since the p-nickel oxy-hydroxide particles are formed 
into approximately spherical, the p-nickel oxy-hydroxide can be packed in a higher density to enable a larger discharge 
capacity (battery capacity) to be obtained. 
20 [0065] The second embodiment of the present invention will be described hereinafter. 

[0066] The configuration of the alkaline battery in the second embodiment is the same as the configuration of the 
alkaline battery 1 00 in the first embodiment (see Fig. 1 ). 

[0067] The alkaline batteries in Examples 1 to 1 3 in the second embodiment are described below. 
[0068] The alkaline batteries in Examples 1 to 13 were produced according to the above manufacturing procedure 
25 of the alkaline battery 1 00 using p-nickel oxy-hydroxide prepared by chemical oxidation for the cathode mix 3 with its 
particles having approximately spherical shape and cumulative pore volume in connection with pore sizes of not larger 
than 0.5 urn in the particles thereof being changed in the range of 5 to 70 u.l/g. 

[0069] Characteristics of the alkaline batteries in Examples 1 to 13 were evaluated under two test conditions. In 
condition 1 , the discharge time was measured until the discharge termination voltage reaches 1 .0 V with a constant 
30 discharge power of 1 .5 W at the ambient temperature of 20°C immediately after producing the battery. In condition 2, 
the battery was stored at the ambient temperature of 60°C for 20 days and, after resuming the temperature at 20°C, 
the discharge time was measured until the discharge termination voltage reaches 1.0 V with a constant discharge 
power of 1 .5 W. 

[0070] The results obtained in Examples 1 to 13 under these two conditions are shown in Table 5. 
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Table 5 





material 


cumulative pore 

volume in 
connection with 

larger than 0.5 
urn (uJ/g) 


Discharge time' 


Self-discharge 
ratio (%) 








Immediately after 
production (min) 


After storage for 
20 days at 60°C 
(min) 




Example 1 


p-NIOOH 


5 


18 


17 


6 


Example 2 




8 


29 


26 


10 


Example 3 




10 


40 


35 


13 


Example 4 




15 


52 


41 


21 


Example 5 




20 


52 


41 


21 


Example 6 




30 


52 


41 


21 


Example 7 




40 


52 


41 


21 


Example 8 




50 


54 


41 


24 


Example 9 




55 


54 


40 


26 


Example 10 




60 


54 


39 


28 


Example 11 




62 


56 


28 


50 


Example 12 




65 


56 


20 


64 


Example 13 




70 


57 


14 


75 


" Discharge cone 


ition: temperature at 20°C, constant discharge po 


wer of 1 5W, and discharge 







[0071] Correlation curves in Fig. 5 between the cumulative pore volume of p-nickel oxy-hydroxide prepared by chem- 
ical oxidation, and the discharge time and self-discharge ratio are obtained from the results of the measurements in 
Table 5. The cumulative pore volume in connection with of pore size of 0.5 jim or loss in the p-nickel oxy-hydroxide 
particles, which permits the discharge time to be prolonged and the self-discharge ratio to be low, is within the range 
A, or within the range of 10 to 60 jxl/g. While the battery has excellent discharge characteristics under a heavy load 
when the cumulative pore volume in connection with of pore size of 0.5 uni or less in the p-nickel oxy-hydroxide particles 
exceeds 60 uJ/g, storage characteristics are largely decreased due to considerable increase of the self-discharge ratio. 
While the storage characteristics are improved (low self-discharge ratio) when the volume is less than 10 u.l/g, the 
discharge characteristics under a heavy load are also largely decreased. 

[0072] An alkaline battery using, as the cathode active material, p-nickel oxy-hydroxide that is prepared by chemical 
oxidation and has a cumulative pore volume in connection with the pore sizes of 0.5 u.m or less in the particles in the 
range of 1 0 to 60 uJ/g allows its discharge characteristics under a heavy load and storage characteristics to be excellent. 
Since the particles of p-nickel oxy-hydroxide are approximately spherical, the p-nickel oxy-hydroxide may have a higher 
density to enable a larger discharge capacity (battery capacity) to be obtained. 

[0073] Alkaline batteries in Examples 1 4 to 52 in the second embodiment will be described hereinafter. 
[0074] The cathode mix 3 in each of the alkaline batteries in Examples 1 4 to 52 comprises approximately spherical 
p-nickel oxy-hydroxide particles prepared by chemical oxidation and manganese dioxide as cathode active materials, 
carbon powder as a conductive material, and an alkaline solution as an electrolyte, which materials are mixed, and 
molded into a hollow cylinder. The other configuration and production procedure are the same as in the alkaline batteries 
in Examples 1 to 13. 

[0075] A mixture of p-nickel oxy-hydroxide and manganese dioxide was used as the cathode mix 3 in Examples 1 4 
to 52. The cumulative pore volume in connection with pore size of 0.5 u.m or less in the p-nickel oxy-hydroxide particles 
was changed in the range of 5 to 70 u,l/g. Approximately spherical p-nickel oxy-hydroxide produced by chemical oxi- 
dation was useo in the mixture. The blend ratio of p-nickel oxy-hydroxide and manganese dioxide to the total amount 
of the cathode active material was 50% by mass in Examples 1 4 to 26, 30% in Examples 27 to 39, and 1 0% in Examples 
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40 to 52, respectively. The batteries were prepared by the same specification as in Examples 1 to 1 3 according to the 
production procedure as described above. 

[0076] The characteristics of the alkaline batteries in Examples 14 to 52 were evaluated under the two conditions 
described above. The results of the measurements under the test conditions in Examples 1 4 to 52 are shown in Table 6. 



Table 6 



10 




Blend ratio of 
p-NiOOH (% by 
mass) 


cumulative pore 

volume in 
connection with 
pore sizes of not 
larger than 0.5 


Discharge time* 


Self-discharge 
ratio 


15 








Immediatelyafter 
production (min) 


After storage for 
20 days at 60°C 
(mm) 






Example 14 


50% 


5 


16 




13 




Example 15 




8 


28 




14 


20 


Example 16 




10 


46 


ii 


17 




Example 17 




15 


48 




17 




Example 18 




20 


50 





20 




Example 19 




30 


50 


40 


20 


Example 20 




40 


50 




20 




Example 21 




50 


E!! 




20 




Example 22 




55 


52 


40 


23 


30 


Example 23 




60 


52 


40 


23 




Example 24 




62 


54 


25 


54 




Example 25 




65 


54 




67 




Example 26 




70 




ii 


79 




Example 27 


30% 


5 


14 


12 


14 




Example 28 




8 


28 


24 


14 




Example 29 




10 


42 


35 


17 


40 


Example 30 




15 


44 


36 


18 




Example 31 




20 


46 


36 


22 




Example 32 




30 


47 




23 


45 


Example 33 




40 


47 


36 


23 


Example 34 




50 


47 


36 


23 




Example 35 




55 


47 


36 


23 




Example 36 




60 


47 


36 


23 




Example 37 




62 


48 


26 


46 




Example 38 




65 


48 


22 


54 




Example 39 




70 


49 


15 


69 



• Discharge condition: temperature at 20°C, constant discharge power of 1 .5 W, and discharge termination voltage at 1 .0 V 
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Table 6 (continued) 





Blend ratio of 
p-NiOOH (% by 


cumulative pore 

volume in 
connection with 
pore sizes of not 
larger than 0.5 
um (ul/g) 


Discharge time' 


Self-discharge 
ratio 








Immediately after 
production (min) 


After storage for 
20 days at 60°C 
(min) 




Example 40 


10% 


5 


5 


4.5 


10 


Example 41 




8 


16 


13 


19 


Example 42 




10 


23 


18 


22 


Example 43 




15 


25 


19 


24 


Example 44 




20 


27 


20 


26 


Example 45 




30 


27 


20 


26 


Example 46 




40 


27 


20 


26 


Example 47 




50 


27 


20 


26 


Example 48 




55 


27 


20 


26 


Example 49 




60 


28 


20 


29 


Example 50 




62 


29 


14 


52 


Example 51 




65 


30 


10 


67 


Example 52 




70 


30 


6 


80 



• Discharge condiUn: temperature at 20°C, constant discharge power of 1 .5 W, and discharge termination voltage at 1 .0 V 



[0077] Correlation curves in Figs. 6 to 8 between the cumulative pore volume in connection with pore size of 0.5 u 
or less in mixed particles of p-nickel oxy-hydroxide and manganese dioxide, and the discharge time and self-discharge 
ratio in Figs. 6 to 8 are obtained from the results of the measurements in Table 6. Fig. 6 shows the relationship between 
the cumulative pore volume, and the discharge time and self-discharge ratio when the blend ratio of p-nickel oxy- 
hydroxide in the cathode active material is 50% by mass. Fig. 7 shows the relationship between the cumulative pore 
volume, and the discharge time and self-discharge ratio when the blend ratio of p-nickel oxy-hydroxide in the cathode 
active material is 30% by mass. Fig. 8 shows the relationship between the cumulative pore volume, and the discharge 
time and self-discharge ratio when the blend ratio of p-nickel oxy-hydroxide in the cathode active material is 1 0% by 
mass. 

[0078] Figs. 6 to 8 show that the cumulative pore volume in connection with pore sizes of 0.5 um or less in the mixed 
particles of p-nickel oxy-hydroxide and manganese dioxide, which permits the discharge time of the battery to be 
prolonged and the self-discharge ratio to be low, is within the range B in the diagram, or within the range of 10 to 60 
ul/g. While the discharge characteristics under a heavy load are excellent when the cumulative pore volume in con- 
nection with pore sizes of 0.5 urn or less in the particles exceeds 60 ul/g as in the case using only p-nickel oxy-hydroxide 
as the cathode active material in Fig. 5, the storage characteristics are considerably decreased due to a large increase 
of the self-discharge ratio. While the storage characteristics are improved (low self-discharge ratio) when the fine 
volume is less than 10 ul/g, the discharge characteristics under a heavy load are largely decreased. 
[0079] Accordingly, an alkaline battery using the cathode active material comprising a mixture of p-nickel oxy-hy- 
droxide produced by chemical oxidation and manganese dioxide, and by controlling the cumulative pore volume in 
connection with pore size of 0.5 um or less in the mixed particles of p-nickel oxy-hydroxide and manganese dioxide in 
the range of 10 to 60 ul/g allows its discharge characteristics under a heavy load and storage characteristics to be 
excellent. The packing capacity of the cathode can be increased without decreasing the reaction areas of the cathode/ 
anode while the discharge capacity is increased, by using a mixture of p-nickel oxy-hydroxide and manganese dioxide 
as the cathode active materials. The production cost of the battery can be reduced using inexpensive manganese 
dioxide. The approximately spherical p-nickel oxy-hydroxide particles permit p-nickel oxy-hydroxide to have a high 
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density, thereby permitting a larger discharge capacity (battery capacity) to be obtained. 
[0080] The third embodiment of the present invention will be described hereinafter. 

[0081 ] The configuration of the alkaline battery in the third embodiment is the same as the configuration of the alkaline 
battery 100 in the first embodiment (see Fig. 1). 

5 [0082] The alkaline batteries in Examples 1 to 16 in the third embodiment will be described below. 

[0083] In Examples 1 to 16 of this embodiment, the batteries were respectively produced according to the same 
production procedure of the alkaline battery 1 00 described above using, as p-nickel oxy-hydroxide to be used in cathode 
mix 3, p-nickel oxy-hydroxide produced by chemical oxidation and having an approximately spherical shape of particle, 
with content of sulfuric acid radical contained in the p-nickel oxy-hydroxide altering from 0.005 to 0.7% by mass. 

w [0084] Characteristics of these alkaline batteries were evaluated under four test conditions. In condition 1 , the dis- 
charge time until reaching a discharge termination voltage of 1 .0 V was measured after the production of the battery 
at the ambient temperature of 20°C with a constant discharge power of 1 ,5W. In condition 2, the discharge time until 
reaching a discharge termination voltage of 1 .0 V was measured after the production of the battery at the ambient 
temperature of 20°C with a constant discharge power of 0.1 W. In condition 3, the discharge time until reaching a 

*s discharge termination voltage of 1.0 V was measured with a constant discharge power of 1.5 W by resuming the 
ambient temperature of 20°C after storing the battery at the ambient temperature of 60°C for 20 days. In condition 4, 
the discharge time until reaching a discharge termination voltage of 1 .0 V was measured with a constant discharge 
power of 0.1 W by resuming the ambient temperature of 20°C after storing the battery at the ambient temperature of 
60°C for 20 days. 

20 [0085] The results of the measurements under the four test conditions in Examples 1 to 16 are shown in Table 7. 
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[0086] Correlation curves between the content of the sulfuric acid radical contained in (3-nickel oxy-hydroxide, and 
the discharge time and self -discharge ratio after storage at 60°C for 20 days as shown in Figs. 9 and 1 0 are obtained 
from the results of the measurements in Table 7. Fig. 9 shows the relationship between the content of the sulfuric acid 
radical, and the discharge time and self-discharge ratio by heavy load discharge. Fig. 1 0 shows the relationship between 

5 the content of the sulfuric acid radical, and the discharge time and self-discharge ratio by light load discharge. 

[0087] Fig. 9 shows that the content of the sulfuric acid radical in p-nickel oxy-hydroxide that permits the discharge 
time to be prolonged and the self-discharge ratio to be low in a case of the heavy load discharge is in the range of 
0.5% or less by mass. In other words, the storage characteristics of the battery is deteriorated due to a high self- 
discharge ratio when the content of the sulfuric acid radical in p-nickel oxy-hydroxide exceeds 0.5% by mass. 

10 [0088] Fig. 1 0 shows that the content of the sulfuric acid radical in p-nickel oxy-hydroxide that permits the discharge 
time to be prolonged and the self-discharge ratio to be low by heavy load discharge is also in the range of 0.5% or less 
by mass. 

[0089] An alkaline battery excellent in the storage characteristics can be obtained by using p-nickel oxy-hydroxide 
produced by chemical oxidation and containing the sulfuric acid radical in the range of 0.5% or less by mass. Making 
15 particle of p-nickel oxy-hydroxide approximately spherical shape permits the p-nickel oxy-hydroxide to have a high 
density, thereby permitting a larger discharge capacity (battery capacity) to be obtained. 

[0090] It is also confirmed from the results in Table 7 that the discharge time of the alkaline battery inmediately after 
the production is not affected by the content of the sulfuric acid radical. 

[0091] The alkaline batteries in Examples 1 7 to 64 in the third embodiment will be next described below. 

20 [0092] I n Examples 1 7 to 32, as p-nickel oxy-hydroxide to be used in cathode mix 3, p-nickel oxy-hydroxide produced 
by chemical oxidation and having an approximately spherical shape of particle was used, with content of sulfuric acid 
radical contained in the p-nickel oxy-hydroxide altering from 0.005 to 0.7% by mass. The blend ratio of p-nickel oxy- 
hydroxide to the total amount of the cathode active material comprising the p-nickel oxy-hydroxide and manganese 
dioxide was 50% by mass. The batteries were produced with the same specification and the same production procedure 

25 as in Examples 1 to 1 6. 

[0093] The results of measurements in Examples 17 to 32 under the conditions above are shown in Table 8. 
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[0094] I n Examples 33 to 48, the batteries were produced by the same specification as the one in Example 1 7 to 32 
according to the same production procedure as described above, except that the proportion of |}-nickel oxy-hydroxide 
in the total amount of the cathode active material was adjusted to 30% by mass. 

[0095] The results of the measurements in Examples 33 to 48 under the test conditions described above are shown 
5 in Table 9. 
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Table 9 



5 
10 
15 




Blend 
ratio of 
P-NiOOH 
;% by 


Content 

of 
sulfuric 
acid 

(%by 
mass) 


Discharge time under 
heavy load' 


Self- 
discharge 
ratio (%) 


Discharge time under 
light load" 


Self- 
discharge 
ratio (%) 








Immediately 

after 
production 

(min) 


After 
storge 
at60°C 
for 20 
days 
(min) 




Immediately 

after 
production 
(h) 


After 
storage 
at60°C 

for 20 
days (h) 






Example 
33 






42 


32 




24 


21 




20 


Example 
34 






42 


32 




24 


21 






Example 
35 






42 


32 




24 


21 




25 


Example 
36 






42 


32 




24 


21 






Example 
37 






42 


32 




24 


21 




30 


Example 
38 






42 


32 




24 


21 






Example 
39 






42 


32 




24 


21 




35 


Example 
40 






42 


32 




24 


21 






Example 
41 






42 


32 




24 


20 




40 


Example 
42 




















Example 
43 






42 


21 




24 


15 




45 


Example 
44 






42 


17 




24 


13 






45 






42 


16 


62 


24 


12 


50 


50 


Example 
46 




0.61 


42 


15 


64 


24 


11 


54 




Example 
47 




0.64 


42 


14 


67 


24 


10 


58 


55 


Example 
48 




0.7 


42 


12 


71 


24 


10 


58 



* Discharge condir'on: temperature at20°C, constant discharge power of 1.5 W, and discharge termination voltage at 1.0 V 
" Discharge condition: temperature at 20°C, constant discharge power ol 0.1 W. and discharge termination voltage at 1 .0 V 
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[0096] In Examples 49 to 64, the batteries were produced by the same specification as the one in Examples 17 to 
32 according to the production procedure described above, except that the proportion of p-nickel oxy-hydroxide in the 
total amount of the cathode active material was adjusted to 10% by mass. 

[0097] The results of the measurement in Examples 49 to 64 under the test conditions described above are shown 
5 in Table 10. 
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[0098] Correlation curves as shown in Fig. 11 and 12 between the content of the sulfuric acid radical contained in p- 
nickel oxy-hydroxide, and the discharge time and self-discharge ratio after storage at 60°C for 20 days are obtained 
from the results of the measurements in Table 8. Fig. 11 shows the relationship between the content of the sulfuric 
acid radical, and the discharge time and self-discharge ratio by heavy load discharge, while Fig. 12 shows the rela- 
5 tionship between the content of the sulfuric acid radical, and the discharge time and self-discharge ratio by light load 
discharge. 

[0099] Fig. 11 shows that the content of the sulfuric acid radical in p-nickel oxy-hydroxide that permits the discharge 
time to be prolonged and self-discharge ratio to be low by heavy load discharge is in the range of 0.5% or less by 
mass. In other words, the storage characteristics of the battery are deteriorated due to a high self-discharge ratio when 
10 the content of the sulfuric acid radical in p-nickel oxy-hydroxide exceeds 0.5% by mass. 

[0100] Fig. 12 shows that the content of the sulfuric acid radical in p-nickel oxy-hydroxide that permits the discharge 
time to be prolonged and self-discharge ratio to be low by light load discharge is also in the range of 0.5% or less by 
mass. 

[0101] The effect of restricting the content of the sulfuric acid radical (0.5% or less by mass) can be confirmed from 
is the results of the measurements in Tables 9 and 1 0 when the blend ratio of p-nickel oxy-hydroxide is changed to 30% 
and 1 0% by mass. 

[0102] As desjribed above, using the cathode active material prepared by mixing p-nickel oxy-hydroxide produced 
by chemical oxidation and manganese dioxide, and controlling the content of the sulfuric acid radical in p-nickel oxy- 
hydroxide in the range of 0.5% or less by mass allows an alkaline battery excellent in the storage characteristics to be 

20 obtained. Using the mixture of p-nickel oxy-hydroxide and manganese dioxide as the cathode active material permits 
the packing density of the cathode to be large without decreasing the reaction area in the cathode/anode. Using inex- 
pensive manganese dioxide enables the production cost of the battery to be reduced. Since the approximately spherical 
particle of p-nickel oxy-hydroxide makes it possible to have a higher density of the p-nickel oxy-hydroxide, a larger 
discharge capacity (battery capacity) may be obtained. 

25 [0103] It is confirmed from the results of the measurements in Tables 8 to 10 that the discharge time immediately 
after the production of the alkaline battery is not affected by the content of the sulfuric acid radical. 
[0104] The fourth embodiment of the present invention will be described hereinafter. 

[0105] The configuration of the alkaline battery in the fourth embodiment is the same as configuration of the alkaline 
battery 100 in the first embodiment (see Fig. 1). 
30 [0106] The alkaline batteries in Examples 1 to 4 in the fourth embodiment and Comparative Exanples 1 and 2 were 
investigated. 

[0107] A battery can 2 of LR6 (AA) size made of a nickel-plated iron plate on the surface was used in Example 1 . 

Organic paint containing graphite powder and binder was sprayed and dried on the inner surface of the battery can 2 

to form a conductive paint film. 
35 [0108] As cathode mix 3, p-nickel oxy-hydroxide prepared by chemical oxidation and having approximately spherical 

shape of particle and graphite powder were mixed in a dry state in a proportion of 10:1 and PTFE was then mixed to 

the mixture of the p-nickel oxy-hydroxide and the graphite powder in an amount of 0.1% by weight followed by adding 

to it a 40% by weight potassium hydroxide solution in an amount of 8% by weight under a stirring method using an 

impeller, a ball mill or the like. The mixture was press-molded into a hollow cylinder. 
40 [0109] As anode mix 5, gelled potassium hydroxide solution containing 65% by weight of zinc particles and 2% by 

weight of zinc oxide were used, and 5 g of the mix was filled. 

[01 1 0] The b&rtery was produced according to the same production procedure as the one of the alkaline battery 1 00 
described above using the battery can 2, the cathode mix 3, and the anode mix 5. 

[01 1 1] In Example 2, the battery was produced by the same method as one in Example 1 , except that 0.3% by weight 
45 of the fluorinated PTFE resin was added in the cathode mix 3. 

[0112] In Example 3 , the battery was produced by the same method as one in Example 1 , except that 0.5% by weight 
of the fluorinated PTFE resin was added in the cathode mix 3. 

[01 13] In Example 4, the battery was produced by the same method as one in Example 1 , except that 1 .0% by weight 
of the fluorinated PTFE resin was added in the cathode mix 3. 
so [01 14] In Comparative Example 1 , the battery was produced by the same method as one in Example 1 , except that 
no fluorinated PTFE resin was added in the cathode mix 3. 

[01 15] In comparative Example 2, the battery was produced by the same method as one in Example 1 , except that 
5.0% by weight of the fluorinated PTFE resin was added in the cathode mix 3. 

[0116] The cycle characteristics of these alkaline batteries were evaluated by measuring their discharge capacities 
55 and charge transfer resistances under the following test conditions. 

[01 17] In the measurement of the discharge capacity, the discharge condition comprised discharging of 1 00 mA and 
cut-off at 1 .0 V, and the charge condition comprised charging at a constant current of 1 80 mA and a constant voltage 
of 1 .95 V for 10 hours, and the charge-discharge cycles were repeated. The discharge capacities after 1 cycle and 
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1 00 cycles were measured. 

[0118] In the measurement of the charge transfer resistance, the charge transfer resistance after 100 cycles of 
charge-discharge was measured under an alternating current impedance method. For the measurement, a 12808-type 
impedance anaiyzer (manufactured by Solartron Analytical) is used. The test condition was 0.1 to 20,000 Hz of the 
5 frequency range and 10 mV of the applied voltage. The charge transfer resistance after 100 cycles was measured. 
[01 19] The discharge capacities and charge transfer resistance of the batteries in Examples 1 to 4 and Comparative 
example 1 and 2 were measured under the test conditions above. The results are shown in Table 11. 



Table 11 





Amount of added 
PTFE (% by weight) 


Discharge capacity 
after 1 cycle of 
discharge (mAh) 


Discharge capacity 
after 1 00 cycles of 
discharge (mAh) 


Charge transfer 
resistance after 1 00 
cycles of discharge 
(mQ) 


Example 1 


0.1 


1770 


1100 


130 


Example 2 


0.3 


1760 


1200 


120 


Example 3 


0.5 


1750 


1250 


100 


Example 4 




1740 


1100 


135 


Comparative 
Example 1 


0 


1800 


1080 


150 


Comparative 
Example 2 


5 


1650 


850 


250 



25 

[0120] Correlation curves between the amount of added PTFE, and the discharge capacity and charge transfer 
resistance as shown in Fig. 13 are obtained from the results of the measurements in Table 11 . Fig. 13 shows that the 
amount of added PTFE in which the discharge capacity is large after 100 cycles of discharge, or the rate of change of 
the discharge capacity is smaller as compared to the discharge capacity after 1 cycle of discharge and the charge 

30 transfer resistance is reduced, is within the range of 0.1 to 1 .0% by weight, preferably 0.3 to 0.5% by weight. In other 
words, the charge transfer resistance in the cathode is increased to decrease conductivity when the amount of added 
FTFE exceeds 1 .0% by weight since the surface of the cathode active material is excessively covered with the binder. 
The cycle characteristics are deteriorated due to the decrease of the effect of the binder when the amount of added 
PTFE is less than 0.1% by weight. The charge transfer resistance is more decreased while the discharge capacity 

35 after 100 cycles of discharge is more increased when the amount of added PTFE is in the range of 0.3 to 0.5% by 
weight. Accordingly, swelling of the cathode active material by discharge is suppressed to enable an alkaline battery 
excellent in the cycle characteristics to be obtained by restricting the amount of added PTFE in the range of 0.1 to 
1 .0% by weight. By adding the PTFE in the range of 0.3 to 0.5% by weight, the alkaline battery becomes more excellent 
in its cycle characteristics. 

40 [0121] Consequently, adding the fluorinated resin PTFE as binder to the cathode mix using (3-nicke! oxy-hydroxide 
as the cathode active material in the range of 0.1 to 1 .0% by weight, preferably in the range of 0.3 to 0.5% by weight 
allows an alkaline battery excellent in its cycle characteristics to be obtained. 

[0122] Electrical and chemical stability and dispersability required for the binder may be obtained by using the fluor- 
inated resin PTFE as the binder. 

45 [0123] The approximately spherical shape of particle of the p-nickel oxy-hydroxide permits (3-nickel oxy-hydroxide 
to have a high density and a larger discharge capacity (battery capacity) to be obtained. 
[0124] Next, a case where FEP as a binder is added in the cathode mix 3 will be described below. 
[0125] Since FEP contains tetrafluoroethylene in the structure, FEP is considered to have the same effect as PTFE. 
[0126] Alkaline batteries in Examples 5 to 8 in the fourth embodiment and in Comparative Examples 1 and 3 were 

50 investigated. 

[0127] The batteries were respectively prepared by the same specification as one in Example 1 according to the 
production procedure as described above in Examples 5 to 8, except that the fluorinated resin FEP was added as the 
binder, and the amount of added FEP altered in the range of 0.1 to 1 .0% by weight relative to the amount of the mixture 
of p-nickel oxy-l,ydroxide and graphite powder. 
55 [0128] In Example 5, the fluorinated resin FEP was added to the cathode mix 3 in an amount of 0.1% by weight. 
[0129] In Example 6, the fluorinated resin FEP was added to the cathode mix 3 in an amount of 0.3% by weight. 
[0130] In Example 7, the fluorinated resin EEP was added to the cathode mix 3 in an amount of 0.5% by weight. 
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[0131] In Example 8, the fluorinated resin FEP was added to the cathode mix 3 in an amount of 1 .0% by weight. 
[0132] In Comparative Example 1 , the battery was produced by the same method as one in Example 1 , except that 
no fluorinated resin FEP was added to the cathode mix 3. 

[0133] In Comparative Example 3, the battery was produced by the same method as one in Example 1 , except that 
5 the fluorinated resin FEP was added to the cathode mix 3 in an amount of 5.0% by weight. 

[0134] The alkaline batteries 1 00 comprising FEP added in the cathode mix 3 as the binder was subjected to cycle 
characteristic evaluation. 

[0135] The results of the measurements of the discharge capacities and charge transfer resistances in Examples 5 
to 8 and Comparative Examples 1 and 3 under the above test conditions are shown in Table 12. 

10 

Table 12 





Amount of added 
FEP (% by weight) 


Discharge capacity 
after 1 cycle of 
discharge (mAh) 


Discharge capacity 
after 1 00 cycles of 
discharge (mAh) 


Charge transfer 
resistance after 100 
cycles of discharge 
(mQ) 


Example 5 


0.1 


1790 


1150 


120 


Example 6 


0.3 


1780 


1250 


115 


Example 7 


0.5 


1760 


1230 


110 


Example 8 




1740 


1120 


140 


Comparative 
Example 1 


0 


1800 


1080 


150 


Comparative 
Example 3 


5 


1660 


850 


250 



[01 36] Correlation curves between the amount of added FEP, and the discharge capacity and charge transfer resist- 
ance as shown in Fig. 14 are obtained from the results of the measurements in Table 12. Fig. 14 shows that the amount 

so of added PTFE in which the discharge capacity is large after 100 cycles of discharge, or the rate of change of the 
discharge capacity is smaller as compare by the discharge capacity after 1 cycle of discharge, and the charge transfer 
resistance is reduced, is within the range of 0.1 to 1 .0% by weight, preferably 0.3 to 0.5% by weight. In other words, 
the charge transfer resistance in the cathode is increased to decrease conductivity when the amount of added FET 
exceeds 1 .0% by weight since the surface of the cathode active material is excessively covered with the binder. The 

35 cycle characteristics are deteriorated due to the decrease of the effect of the binder when the amount of added FEP 
is less than 0.1% by weight. The charge transfer resistance is more decreased while the discharge capacity after 100 
cycles of discharge is more increased when the amount of added FEP is in the range of 0.3 to 0.5% by weight. Ac- 
cordingly, swelling of the cathode active material by discharge is suppressed to enable an alkaline battery excellent in 
the cycle characteristics to be obtained by restricting the amount of added FEP in the range of 0.1 to 1 .0% by weight. 

40 Further, the cycle characteristics of the alkaline battery becomes more excellent by adding FEP in the range of 0.3 to 
0.5% by weight. 

[0137] Consequently, adding the fluorinated resin FEP as the binder to the cathode mix 3 using p-nickel oxy-hydroxide 
as the cathode active material in the range of 0.1 to 1 .0% by weight, preferably in the range of 0.3 to 0.5% by weight 
allows an alkaline battery excellent in the cycle characteristics to be obtained. 
45 [0138] Electrical and chemical stability and dispersabiiity required for the binder may be obtained by using the fluor- 
inated resin FEP as the binder. 

[0139] Next, a case where PCTFE as a binder is added in the cathode mix 3 will be described below. 

[0140] Since PCTFE contains tetrafluoroethylene in the structure as in FEP, PCTFE is considered to have the same 

effect as PTFE and FEP. 

so [0141] Alkaline batteries in Examples 9 to 12 in the fourth embodiment and in Comparative Examples 1 and 4 were 
then investigated. 

[0142] In Examples 9 to 12, the batteries were respectively prepared by the same specification as one in Example 
1 according to the production procedure as described above, except that the fluorinated resin PCTFE was added as 
the binder, and the amount of added PCTFE was changed in the range of 0.1 to 1 .0% by weight relative to the amount 
55 of the mixture of p-nickel oxy-hydroxide and graphite powder. 

[0143] In Example 9, the fluorinated resin PCTFE was added to the cathode mix 3 in an amount of 0.1% by weight. 
[0144] In Example 1 0, the fluorinated resin PCTFE was added to the cathode mix 3 in an amount of 0.3% by weight. 
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[0145] In Example 11 , thefluorinated resin PCTFE was added to the cathode mix 3 in an amount of 0.5% by weight. 
[0146] In Example 12, the fluorinated resin PCTFE was added to the cathode mix 3 in an amount of 1 .0% by weight. 
[0147] In Comparative Example 1 , the battery was produced by the same method as in Example 1 , except that no 
fluorinated resin PCTEE was added to the cathode mix 3. 
5 [0148] In Comparative Example 4, the battery was produced by the same method as in Example 1 , except that the 
fluorinated resin PCTFE was added to the cathode mix 3 in a proportion of 5.0% by weight. 

[0149] The alkaline batteries comprising PCTFE added in the cathode mix 3 as the binder was subjected to cycle 
characteristic evaluation. 

[0150] The results of the measurements of the discharge capacities and charge transfer resistance in Examples 9 
10 to 12 and Comparative Examples 1 and 4 are shown in Table 13. 



Table 13 





Amount of added 
PCTFE (% by 
weight) 


Discharge capacity 
after 1 cycle of 
discharge (mAh) 


Discharge capacity 
after 1 00 cycles of 
discharge (mAh) 


Charge transfer 
resistance after 1 00 
cycles of discharge 
(ma) 


Example 9 


0.1 


1760 


1100 


135 


Example 10 


0.3 


1750 


1150 


130 


Example 11 


0.5 


1720 


1170 


125 


Example 12 


1 


1690 


1110 


135 


Comparative 
Example 1 


0 


1800 


10B0 


150 


Comparative 
Example 4 


5 


1660 


1000 


260 



[0151] Correlation curves between the amount of added PCTFE, and the discharge capacity and charge transfer 
30 resistance as shown in Fig. 1 5 are obtained from the results of the measurements in Table 1 3. Fig. 1 5 shows that the 
amount of added PCTFE in which the discharge capacity is large after 1 00 cycles of discharge, or the rate of chango 
of the discharge capacity is smaller as compared to the discharge capacity after 1 cycle of discharge, and the charge 
transfer resistance is reduced, is within the range of 0.1 to 1 .0% by weight, preferably 0.3 to 0.5% by weight. In other 
words, the charge transfer resistance is increased to decrease conductivity when the amount of added PCTFE exceeds 
35 1 .0% by weight since the surface of the cathode active material is excessively covered with the binder. The cycle 
characteristics are deteriorated due to decrease of the effect of the binder when the amount of added PCTFE is less 
than 0.1% by weight. The charge transfer resistance is more decreased while the discharge capacity after 100 cycles 
of discharge is more increased when the amount of added PCTFE is in the range of 0.3 to 0.5% by weight. Accordingly, 
swelling of the cathode active material by discharge is suppressed to enable an alkaline battery excellent in the cycle 
40 characteristics to be obtained by restricting the amount of added PCTFE in the range of 0.1 to 1 .0% by weight. By 
adding the PCTFE in the range of 0.3 to 0.5% by weight, the alkaline battery more excellent in the cycle characteristics 
thereof is obtained. 

[0152] Consequently, adding the fluorinated resin PCTFE to the cathode mix 3 using p-nickel oxy-hydroxide as the 
cathode active material in the range of 0.1 to 1 .0% by weight, preferably in the range of 0.3 to 0.5% by weight allows 
45 an alkaline battery excellent in its cycle characteristics to be obtained. 

[0153] Electrical and chemical stability and dispersability required for the binder may be obtained by using the fluor- 
inated resin PCTFE as the binder. 

[01 54] The fifth embodiment of the present invention will be described hereinafter. 

[0155] Fig. 16 shows the configuration of the alkaline battery 100A in the fifth embodiment of the present invention, 
so This alkaline battery 1 0OA is a size AA battery having an inside-out structure. The parts corresponding to those in Fig. 
1 are given the same reference numerals as in Fig. 16. 

[01 56] The alkaline battery 1 00A comprises a battery can 2, a cathode mix 3, a separator 4, an anode mix 5, a current 
collector pin 6, a gasket 7, a neutral cover 8, a negative terminal 9, and a porous metal cylinder 1 2. 
[01 57] The battery can 2 is formed, for example, by presswork of a metal plate subjected to nickel plating. The battery 
55 can 2 also serves as a positive terminal of the alkaline battery 1 00A. 

[0158] The cathode mix 3 is a hollow cylinder, and is disposed within the battery can 2. For producing the cathode 
mix 3, p-nickel oxy-hydroxide as a cathode active material, a carbon powder as a conductive material and an alkaline 
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solution as an electrolyte solution are mixed together, and the mixture is molded into the hollow cylinder. A graphite 
powder is used for the carbon powder used as the conductive material. While potassium hydroxide solution is used 
as the alkaline solution, lithium hydroxide solution or sodium hydroxide solution, or a mixture thereof may be also used. 
[0159] The cathode mix 3 is prepared as follows. First, p-nickel oxy-hydroxide, the graphite powder and a 40% 
5 potassium hydroxide (KOH) solution are weighed in a proportion of 10:1 :1 , and they are mixed under a stirring method 
using an impeller or a ball mill. The mixed material is then press-molded into a hollow cylinder to obtain the cathode 
mix 3. 

[0160] The separator 4 is a bottom-sealed cylinder, and is disposed at the inside of the cathode mix 3. For example, 
as the separator 4, a synthetic fiber nonwoven fabric having good liquid absorbing and retaining property and being 
10 excellent in alkali resistance is used. 

[01 61 ] The anode mix 5 is a gel, and is filled in the separator 4. The anode mix 5 is prepared by uniformly dispersing 
and mixing particles of zinc and zinc oxide as anode active material in the potassium hydroxide solution as the elec- 
trolyte using a gelling agent. 

[0162] The porous metal cylinder 1 2 is disposed between the cathode mix 3 and the separator 4. The porous metal 
'5 cylinder comprises a punching metal, a metal net, and an expand metal made of a metal such as stainless steel, nickel, 
copper and tin. 

[0163] Since the metal available for the porous metal cylinder depends on the kind of the electrolyte of the battery 
and the kind of the positive and negative electrodes, the metal available changes according to changes of the battery 
system. For example, metal such as stainless steel, nickel, copper and tin that do not react with the alkaline solution 

20 and the cathode may be used in the nickel-zinc storage battery. 

[0164] An opening of the battery can 2 is hermetically sealed with the gasket 7 as an insulator, the neutral cover 8, 
and a negative terminal 9. A metallic current collector pin 6 is welded to the negative terminal 9. 
[0165] The alkaline battery 1 00A shown in Fig. 1 6 is manufactured as follows. The cathode mix 3 press-molded into 
a hollow cylinder is inserted into the battery can 2. Then, the porous metal cylinder 1 2 is inserted into the inside of the 

25 cathode mix formed into the hollow cylinder. Subsequently, the bottom-sealed cylinder of the separator 4 is inserted 
into the inside of the porous metal cylinder 1 2, and the gelled anode mix 5 is filled in the separator 4. Finally, the gasket 
7 as the insulator, the neutral cover 8 and the negative terminal 9 are inserted into the battery can 2, and the edge of 
the opening of the battery can 2 is folded into the inside to fix the gasket 7 so that the gasket 7 is fixed. The current 
collector pin 6 welded to the negative terminal 9 is inserted into the gelled anode mix 5 when the gasket 7 and other 

30 members are inserted into the battery can 2. 

[0166] Charge collection of the negative electrode in the cylindrical storage battery 1 00A shown in Fig. 1 6 is ensured 
by inserting the current collector pin 6 welded to the negative terminal 9 into the anode mix 5. Charge collection of the 
cathode is also ensured by connecting the cathode mix 3 to the battery can 2. The outer circumference face of the 
battery can 2 is covered with an external label 10 on which name of the manufacturer, the kind of the battery and 

35 notices are printed, and the positive terminal 11 is located at the projection (the top of the cylindrical storage battery 
1 00A in the drawing) at the bottom of the battery can 2. 

[0167] The cycle characteristics of the alkaline battery 100A shown in Fig. 16 was evaluated by measuring the dis- 
charge capacity under the test conditions below. 

[01 68] After discharging 1 0 batteries with a current of 1 00 mA until the voltage is reduced to 1 V, the capacity retention 
40 ratios were compared with each other after 50 cycles of discharge by defining the process for charging up to 1 .9 V as 
1 cycle in the charge-discharge test. 

[0169] The capacity retention ratio is defined by the proportion (%) of the discharge capacity to the initial discharge 
capacity represented by the following equation: 

capacity retention ratio (%) at 50 th cycle = [(discharge capacity at 
50 th cycle)/(initial discharge capacity) ] x 1 00 

so [0170] Here, the alkaline batteries 100A in Comparative Example 1 and Examples 1 to 21 in the fifth embodiment 
were measured. 

[0171] The alkaline battery in Comparative Example 1 has the same specification as the one of the alkaline battery 
1 00, and as (3-nickel oxy-hydroxide to be used for the cathode mix 3, the p-nickel oxy-hydroxide prepared by chemical 
oxidation and having approximately spherical shape of particle, which was dissolved at least one of the elements 
55 selected from Zn, Co and Mg, was used. The cathode mix 3 was prepared by mixing p-nickel oxy-hydroxide, graphite 
powder and 40% KOH electrolyte in a proportion of 10:1:1. The cathode mix 3 (1 0 g) was molded into a hollow cylinder 
with an outer diameter of 13.3 mm, an inner diameter of 9.0 mn and a height of 40 mm. After inserting the separator 
with a thickness of 0.2 mm and injecting 1 .5 g of the electrolyte into the hollow cylinder, 5g of anode mix prepared by 
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mixing the zinc powder, gelling agent an 40% KOH electrolyte in a proportion of 65:1 :3 together with a small quantity 
of additives was filled into the cylinder to prepare an alkaline battery according to the same production procedure as 
that of the alkaline battery 1 00 as described above. 

[0172] In Examples 1 to 6, the p-nickel oxy-hydroxide prepared by chemical oxidation and having approximately 
5 spherical shape of particle, in which at least one of the elements selected from Zn, Co and Wig was dissolved, was 
used for the cathode mix 3. The cathode mix 3 was prepared by mixing (3-nickel oxy-hydroxide, graphite powder and 
40% KOH electrolyte in a proportion of 1 0:1 :1 . The cathode mix 3 (1 0 g) was molded in the cathode can 2 into a hollow 
cylinder with an outer diameter of 13.3 nm, an inner diameter of 9.0 mm and a height of 40 mm. Then, each stainless 
steel punching metal with a thickness of 30, 50, 100, 150, 200 or 250 \im formed into a hollow cylinder with an outer 
10 diameter of 9.0 mm and a height of 40 mm was inserted into the inside of the cathode mix formed into a hollow cylinder. 
The separator with a thickness of 0.2 mm was inserted into the hollow cylinder and, after injecting 1 .5 g of the electrolyte 
in the cylinder, 5 g of the cathode mix prepared by mixing the zinc powder, gelling agent and 40% KOH electrolyte in 
a proportion of 65:1:34 together with minute quantities of additives was filled in the bottom-sealed cylinder of the 
separator to produce respective batteries according to the same production procedure as that of the cylindrical storage 
'5 battery 1 00A as described above. 

[0173] These results of the measurements in Comparative Example 1 and Examples 1 to 6 under the test conditions 
described above are described in Table 14. 



Table 14 





Thickness of stainless punching metal (jim) 


Capacity retention ratio (%) 


Example 1 


30 


58 


Example 2 


50 


70 


Example 3 


100 


79 


Example 4 


150 


82 


Example 5 


200 


72 


Example 6 


250 


50 


Comparative Example 1 


None 


57 



[0174] In Examples 7 to 12, each metal net made of stainless steel with a thickness of 30, 50, 100, 150, 200 and 
250 nm formed into a hollow cylinder with an outer diameter of 9.0 mn and a height of 40 mn was disposed between 
the hollow cylinders of cathode mix 3 and separator 4. Alkaline batteries were produced by the same specification as 
one in Examples 1 to 6 except the conditions above according to the same production procedure as that of the alkaline 
battery 1 00A as described above. 

[0175] The results of the measurements in Examples 7 to 12 under the test condition above are shown in Table 15. 
Comparative Example 1 in Table 15 is the same as described above. 



Table 15 





Thickness of stainless steel net (nm) 


Capacity retention ratio (%) 


Example 7 


30 


57 


Example 8 


50 


65 


Example 9 


100 


70 


Example 10 


150 


74 


Example 11 


200 


66 


Example 12 


250 


55 


Comparative Example 1 


None 


57 



[0176] In Examples 13 to 18, each stainless steel expand metal with a thickness of 30, 50, 100, 150, 200 and 250 
55 (i,m formed into a hollow cylinder with an outer diameter of 9.0 mm and a height of 40 mm was disposed between the 
hollow cylinders of cathode mix 3 and separator 4. Alkaline batteries were produced by the same specification as one 
in Examples 1 to 6 except the conditions above according to the same production procedure as that of the alkaline 
battery 100A as described above. 
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[01 77] The results of the measurements in Examples 13 to 1 8 under the test condition above are shown in Table 16. 
Comparative Example 1 in Table 1 6 is the same as described above. 



Table 16 





Thickness of stainless steel expand metal (u.m) 




Example 13 


30 


58 


Example 14 


50 


69 


Example 15 


100 


74 


Example 16 


150 


81 


Example 1 7 


200 


71 


Example 18 


250 


48 


Comparative Example 1 


None 


57 



[0178] Correlation curves in Fig. 17 between the thickness of the porous metal cylinder and capacity retention ratio 
are obtained from the results of the measurement in Tables 14 to 16. Fig. 17 shows that the thickness of the porous 
metal cylinder 12 that permits the capacity retention ratio of the alkaline battery 1 0OA to be large after 50 cycles of 
charge-discharge is in the range of 50 to 200 urn. A higher capacity retention ratio is obtained when the thickness is 
in the range of 100 to 150 p.m particularly in the range described above. While deterioration of the capacity due to the 
charge-discharge cycles depends on the thickness of the porous metal cylinder 12, the cathode active material is 
swelled as if there is no porous metal cylinder 12 when the thickness of the cylinder is less than 50 \im. Since the 
distance between the cathode mix 3 and separator 4 is large when the thickness is larger than 200 urn, it is difficult to 
transfer water efficiently from the cathode to the anode. Accordingly, restricting the thickness of the porous metal 
cylinder 12 to the range of 50 to 200 urn allows swelling of the cathode due to water generated at the cathode in the 
charging process to be suppressed while water generated by charging to be efficiently transferred to the anode, thereby 
obtaining an alkaline battery having improved cycle characteristics. 

[0179] The alkaline batteries 100A in Examples 19 to 21 comprising different materials of the porous metal cylinder 
12 were measured. 

[0180] In Example 19, a nickel punching metal having a thickness of 1 00 urn and formed into a hollow cylinder with 
an outer diameter of 9.0 mm and a height of 40 mm as the porous metal cylinder 1 2 was disposed between the cathode 
mix 3 and separator 4 each formed into a hollow cylinder. Battery was produced by the same specification as one in 
Examples 1 to 6, except for the material of the cylinder described above, according to the same production procedure 
as that of the alkaline battery 1 00A as described above. 

[01 81] In Example 20, a copper punching metal having a thickness of 1 00 u.m and formed into a hollow cylinder with 
an outer diameter of 9.0 mm and a height of 40 mm as the porous metal cylinder 1 2 was disposed between the cathode 
mix 3 and separator 4 each formed into a hollow cylinder. Battery was produced by the same specification as one in 
Examples 1 to 6, except for the material of the cylinder described above, according to the same production procedure 
as that of the alkaline battery 1 00A as described above. 

[0182] In Example 21, a tin punching metal having a thickness of 100 urn and formed into a hollow cylinder with an 
outer diameter of 9.0 nm and a height of 40 mm as the porous metal cylinder 12 was disposed between the cathode 
mix 3 and separator 4 each formed into a hollow cylinder. Battery was produced by the same specification as one in 
Examples 1 to 6, except for the material of the cylinder described above, according to the same production procedure 
as that of the alkaline battery 1 00A as described above. 

[0183] The results of the measurements of the batteries in Examples 1 9 to 21 under the test conditions above are 
shown in Table 17. Comparative example 1 in Table 17 is the same as described above. 



Table 17 





Material of porous metal cylinder (thickness 100 urn) 


Capacity retention ratio (%) 


Example 19 


Nickel punching metal 


81 


Example 20 


Copper punching metal 


76 


Example 21 


Tin punching metal 


73 


Comparative Example 1 


None 


57 
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[0184] The relationship between the kinds of the metal of the porous metal cylinder 12 and capacity retention ratio 
in Fig. 18 is obtained from the results of the measurements in Table 17 and Example 3. Fig. 18 clearly shows that the 
capacity retention ratio is increased by using each kind of the metal as compared to the capacity retention ratio in 
Comparative Example 1 . The capacity retention ratio is higher by using the nickel punching metal and stainless steel 

5 punching metal among the metals described above. 

[01 85] Thus, the alkaline battery is composed of a cathode comprising the cathode mix 3 formed into a hollow cylinder 
and an anode comprising the anode mix 5 filled in the hollow part of the cathode with interposition of the bottom-sealed 
separator 4 so that swelling of the cathode due to water generated at the cathode in the charging process can be 
suppressed by providing the porous cylinder 12 comprising a punching metal, a metal net or an expand metal made 

10 of stainless steel, nickel, copper and tin with a thickness of 50 to 200 u.m between the cathode mix 3 and separator 4. 
This allows water generated at the cathode by charging to be efficiently transferred to the anode, thereby suppressing 
the deterioration of the capacity by the charge-discharge cycles to obtain an alkaline battery improved in the cycle 
characteristics. 

[0186] The alkaline batteries in the embodiments above can be applied for primary and secondary batteries. 
15 [0187] While the discharge capacity decreases when the p-nickel oxy-hydroxide has no spherical shape of particle, 
an effect for improving the charge characteristics under a heavy load can also be obtained by specifying the particle 
diameter distribution within a specified range as described above. 

[0188] While the cylindrical alkaline batteries have been described in the embodiments above, the present invention 
is also applicable to other alkaline battery such as a flat alkaline battery. 
20 [0189] The effect obtained by specifying the particle diameter distribution as described in the embodiments above 
can be valid in the measurement under the light load discharge conditions. 

[0190] While fluorinated resins FREE, EEP and PCTFE have been used in the third embodiment above, the resin is 
not restricted thereto, and other fluorinated resins may be used. 

[0191] While the punching metal, metal net and expand metal have been used for the porous metal cylinder in the 
2S fifth embodiment, the metal material is not restricted thereto, and other porous metal cylinders may be used. 

[0192] While stainless steel, nickel, copper and tin have been used alone in the fifth embodiment, the same effect 
is obtainable by using a metal coated with another metal on the surface such as stainless steel plated with nickel. 
[0193] While the alkaline batteries having a cathode comprising the cathode mix 3 formed into a hollow cylinder and 
an anode comprising the anode mix 5 filled in the hollow part of the cathode with interposition of a bottom-sealed 
30 cylindrical separator 4 have been described in the embodiments above, the alkaline battery according to the invention 
is not restricted thereto. Instead, the present invention is applicable to an alkaline battery having an anode comprising 
an anode mix formed into a hollow cylinder and a cathode comprising a cathode mix filled in the hollow part of the 
anode with interposition of a bottom-sealed cylindrical separator. 

[0194] In the alkaline battery according to the present invention, the (3-nickel oxy-hydroxide produced by chemical 
35 oxidation and having mean particle size in the range of 5 to 50 \im is used as the cathode active material, thereby 
obtaining the alkaline battery having excellent discharge characteristics under a heavy load. 
[0195] In the alkaline battery according to the present invention, a cathode active material comprising a mixture of 
fi-nickel oxy-hydroxide produced by chemical oxidation and manganese dioxide is used, the p-nickel oxy-hydroxide 
particles have a mean particle size in the range of 5 to 50 u.m, and the manganese dioxide particles have a mean 
40 particle size in the range of 10 to 70u.m, thereby obtaining an alkaline battery excellent in discharge characteristics 
under a heavy load, increasing the charge capacity of the cathode without decreasing the reaction area in the cathode/ 
anode, and reducing the production cost of the alkaline battery by using manganese dioxide. 
[0196] The discharge characteristics under a heavy load and storage characteristics are also improved by adjusting 
the cumulative pore volume in connection with pore sizes of not larger than 0.5 urn in the p-nickel oxy-hydroxide 
45 particles in the range of 1 0 to 60 jal/g. 

[0197] The discharge characteristics under a heavy load and storage characteristics are improved by using the cath- 
ode active material as a mixture of p-nickel oxy-hydroxide and manganese dioxide, and by adjusting the cumulative 
pore volume in connection with pore sizes of not larger than 0.5 u.m in the p-nickel oxy-hydroxide particles in the range 
of 10 to 60 uJ/g. 

so [0198] An alkaline battery excellent in storage characteristics is obtained by using p-nickel oxy-hydroxide prepared 
by chemical oxidation and having approximately spherical shape of particle as the cathode active material and by 
restricting a sulfuric acid radical content therein in the range of 0.5% or less by mass. 

[0199] The alkaline battery excellent in the cycle characteristics according to the present invention is obtained by 
adding a given quantity of a fluorinated resin in the cathode mix containing p-nickel oxy-hydroxide as a binder. 
55 [0200] Swelling of the cathode due to water generated at the cathode in the charging process is suppressed by 
providing a porous metal cylinder with a given thickness between the cathode and separator. Consequently, the water 
generated at the cathode is efficiently transferred to the anode to enable deterioration of the capacity by the charge- 
discharge cycle to be suppressed and the cycle characteristics to be improved. 
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INDUSTRIAL APPLICABILITY 

[0201] As described above, the alkaline battery according to the present invention is favorable for applying it to 
primary and secondary storage batteries as power sources of electronic appliances and the like. 



Claims 

1 . An alkaline battery comprising a cathode mix containing p-nickel oxy-hydroxide as a cathode active material, an 
10 anode mix containing zinc as a main component of an anode active material, and an alkaline solution as an elec- 

trolyte, 

wherein said p-nickel oxy-hydroxide is obtained by chemical oxidation of nickel hydroxide; and 
wherein said p-nickel oxy-hydroxide has a mean particle size in the range of 5 to 50 u.m. 

15 2. The alkaline battery according to Claim 1 , wherein said p-nickel oxy-hydroxide has an approximately spherical 
shape of particle. 

3. The alkaline battery according to Claim 2, wherein cumulative pore volume in connection with pore sizes of not 
larger than 0.5 urn in said p-nickel oxy-hydroxide particles is in the range of 1 0 to 60 uJ/g. 

20 

4. The alkaline battery according to Claim 2, wherein proportion of sulfuric acid radial contained in said p-nickel oxy- 
hydroxide is in the range of not larger than 0.5% by mass. 

5. The alkaline battery according to Claim 2, wherein a bottom-sealed cylindrical battery is formed. 

25 

6. An alkaline battery comprising a cathode mix containing p-nickel oxy-hydroxide and manganese dioxide as cathode 
active materials, an anode mix containing zinc as a main component of an anode active material, and an alkaline 
solution as an electrolyte, 

wherein said p-nickel oxy-hydroxide is obtained by chemical oxidation of nickel hydroxide; 
30 wherein said p-nickel oxy-hydroxide has a mean particle size in the range of 5 to 50 urn; and 

wherein said manganese dioxide has a mean particle size in the range of 10 to 70 urn. 

7. The alkaline battery according to Claim 6, wherein said p-nickel oxy-hydroxide has an approximately spherical 
shape of particle. 

35 

8. The alkaline battery according to Claim 7, wherein cumulative pore volume in connection with pore sizes of not 
larger than 0.5 urn in mixed particles of said p-nickel oxy-hydroxide particles and said manganese dioxide is in the 
range of 10 to 60 jxl/g. 

40 9. The alkaline battery according to Claim 7, wherein proportion of sulfuric acid radial contained in said p-nickel oxy- 
hydroxide is in the range of not larger than 0.5% by mass. 

10. The alkaline battery according to Claim 7, wherein a bottom-sealed cylindrical battery is formed. 

45 1 1 . An inside-out type alkaline battery comprising a cathode mix containing p-nickel oxy-hydroxide and a conductive 
material as a cathode active material, an anode mix containing zinc as a main component of an anode active 
material, an alkaline solution as an electrolyte, and a separator disposed between a cathode comprising said 
cathode mix and an anode comprising said anode mix, 

wherein said p-nickel oxy-hydroxide is obtained by chemical oxidation of nickel hydroxide, and 

so wherein said cathode mix includes a fluorinated resin as a binder. 

12. The alkaline battery according to Claim 11, wherein an amount of said added fluorinated resin is in the range of 
0.1 to 1 .0% by weight. 

55 13. The alkaline battery according to Claim 11, wherein said fluorinated resin is any one of polytetrafluoroethylene 
(PTFE), tetrafluoroethylene-hexafluoropropylene copolymer (FEP) and polychlorotrifluoroethylene (PCTFE). 



14. The alkaline battery according to Claim 1 1 , wherein a porous metal cylinder is provided between said cathode and 
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said separator. 

15. The alkaline battery according to Claim 14, wherein said porous metal cylinder has a thickness of 50 to 200 u.m, 
and is formed of at least a kind of metal selected from the group constituting of stainless steel, nickel, copper, and tin . 

16. The alkaline battery according to Claim 14, wherein said porous metal cylinder comprises any one of punching 
metal, metal net, and expand metal. 

Amended claims under Art. 19.1 PCT 

1. (Deleted) 

2. (Amended) An alkaline battery comprising a cathode mix containing p-nickel oxy-hydroxide as a cathode active 
material, an anode mix containing zinc as a main component of an anode active material, and an alkaline solution 
as an electrolyte, 

wherein said p-nickel oxy-hydroxide is obtained by chemical oxidation of nickel hydroxide; 
wherein said p-nickel oxy-hydroxide has a mean particle size in the range of 5 to 50 urn; and 
wherein said p-nickel oxy-hydroxide has an approximately spherical shape of particle. 

3. The alkaline battery according to Claim 2, wherein cumulative pore volume in connection with pore sizes of not 
larger than 0.5 u,m in said p-nickel oxy-hydroxide particles is in the range of 10 to 60 u.l/g. 

4. The alkaline battery according to Claim 2, wherein proportion, of sulfuric acid radial contained in said p-nickel 
oxy-hydroxide is in the range of not larger than 0.5% by mass. 

5. The alkaline battery according to Claim 2, wherein a bottom-sealed cylindrical battery is formed. 

6. An alkaline battery comprising a cathode mix containing p-nickel oxy-hydroxide and manganese dioxide as 
cathode active materials, an anode 
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FIG. 10 
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FIG. 11 



— DISCHARGE TINE CURVE 



-CURVE OF SELF-DISCHARGE RATE 



DISCHARGE 
TIME (h) 

































> 






















K 


































































X 






























/ 
































0. 


5 




























f 


I 











0.01 0.03 0.11 0.38 0.47 0.53 0. 58 0.64 
SULFURIC ACID RADICAL CONTEHT (% BY MASS) 



, RATE (%) 



80 
70 
60 

50 SELF-DISCHARGE 

r— 

40 
30 
20 
10 
0 



EP 1 445 812 A1 



FIG. 12 
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FIG. 13 

• DISCHARGE CAPACITY CURVE AFTER 100 CYCLES 

• DISCHARGE CAPACITY CURVE AFTER 1 CYCLE 

• CHARGE TRANSFER RESISTANCE CURVE AFTER 100 CYCLES 
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FIG. 14 

— DISCHARGE CAPACITY CURVE AFTER 100 CYCLES 
DISCHARGE CAPACITY CURVE AFTER 1 CYCLE 

— CHARGE TRANSFER RESISTANCE CURVE AFTER 100 CYCLES 
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FIG. 15 

— DISCHARGE CAPACITY CURVE AFTER 100 CYCLES 
-♦- DISCHARGE CAPACITY CURVE AFTER 1 CYCLE 

— CHARGE TRANSFER RESISTANCE CURVE AFTER 100 CYCLES 
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FIG. 16 
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FIG. 17 
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FIG. 18 



A: WITHOUT POROUS METAL CYLINDER 
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